Bicarbonate reabsorption in the dog with experimental renal disease  by William Schmidt, R. et al.
Kidney International, Vol. JO (1976), p. 287—294
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Bicarbonate reapsorption in the dog with experimental renal dis-
ease. Renal bicarbonate reabsorption (expressed per unit of gb-
merular filtration rate, GFR) has been reported to be diminished
in uremic man and uremic rats. Both the increases in parathyroid
hormone concentrations and in natriuretic forces have been con-
sidered to play a role in this change. The increased kaliuresis per
nephron observed in chronic uremia could theoretically also con-
tribute to inhibition of bicarbonate reabsorption. Despite the com-
mon use of normal dogs in studying bicarbonate reabsorption and
of uremic dogs in studying alterations of renal function in disease,
few studies of bicarbonate reabsorption in uremic dogs have been
performed. In the present studies we have examined bicarbonate
reabsorption in normal dogs and in dogs with experimental renal
disease using a conventional bicarbonate titration technique. In
unanesthetized normal dogs, the threshold for bicarbonaturia was
24.8 mEq/liter of GFR. A maximal reabsorptive rate (Tm/GFR)
of 34.0 mEq/liter of GFR was obtained. In a second group of
dogs, GRF was decreased to one-fifth normal. FEN was increased
16.9-fold over normal values UKV/l00 GFR and FE,, were in-
creased 5.8-fold and 10.9-fold, respectively. The threshold for bi-
carbonaturia in these dogs was increased to 30.5 mEq/liter ofGFR
and the maximal reabsorptive rate was increased to 41.2 mEq/liter
of GFR. Thus, the capacity to reabsorb bicarbonate was increased
despite the presence of high fractional excretion rates for sodium,
potassium and phosphate. This increased reabsorptive capacity
could not be accounted for by the effects of other known determi-
nants of bicarbonate reabsorption.
Reabsorption rénale du bicarbonate dans l'insuffisance rénale ex-
périmentale du chien. II a été rapporté que Ia reabsorption rénale de
bicarbonate (experimée par unite de debit de filtration gloméru-
laire) diminue chez l'homme et Ic rat urCmiques. Le role de
l'augmentation de Ia concentration de l'hormone parathyroidienne
et des influences natriurétiques a etC évoqué a propos de cette
modification. L'augmentation de Ia kaliurèse par néphron pour-
rait, thCoriquement, contribuer aussi a l'inhibition de Ia réabsorp-
tion du bicarbonate. Malgré l'utilisation frequente de chiens nor-
maux dans I'Ctude de Ia reabsorption du bicarbonate et de chiens
urCmiques dans l'étude des modifications du fonctionnement du
rein pathologique peu d'études de Ia reabsorption du bicarbonate
chez Ic chien urémique ont été réalisées. Dans cc travail nous avons
étudiC Ia reabsorption du bicarbonate chez le chien normal et chez
Ic chien atteint de néphropathie expérimentale au moyen d'une
technique conventionnelle de titration du bicarbonate. Chez Ic
chien normal éveillé le seuil de Ia bicarbonaturie est de 24,8
mEq/litre GFR. Une capacitC de reabsorption maximale de 34,0
mEq/litre GFR a été observée (Tm/GFR). Dans un deuxième
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groupe de chiens Ic debit de filtration glomérulaire a été rCduit au
1/5 de Ia valeur normale. FENa augmente de 16,9 fois par rapport a
Ia valeur de base; UKV/l00 GFR et FE,, augmentent de 5,8 fois et
10,9 fois, respectivement. Le seuil de bicarbonaturie chez ces chiens
atteints 30,5 mEq/litre GFR et Ia capacité de reabsorption max-
imale 41,2 mEq/litre GFR. Ainsi Ia capacité de reabsorption du
bicarbonate augmente malgré une excretion fractionnelle élevée de
sodium, de potassium et de phosphate. Cette augmentation de Ia
capacité de reabsorption ne peut pas être expliquee par les effets
des autres determinants connus de Ia reabsorption des bicarbo-
nates.
Reabsorption of filtered bicarbonate represents the
single most important contribution of the normal
nephron towards the preservation of acid-base homeo-
stasis. Even in severe renal failure with its attendant
metabolic acidosis, bicarbonate reabsorption ac-
counts for more of the hydrogen secretory activity of
the nephron than does the excretion of hydrogen
ions. Neither the mechanism of reabsorption nor the
control systems governing bicarbonate reabsorption
in uremia are understood clearly. Studies of the con-
trol system in normal animals suggest, however, that
certain factors, in addition to pH and Pco2, influence
bicarbonate reabsorption. These include extracellular
fluid volume status, circulating parathyroid hormone
(PTH) concentrations and concurrent rates of renal
potassium excretion.
In uremic man, a diminished ability to reabsorb
bicarbonate has been described [1—3].' Bicarbonate
titration studies of uremic humans [2, 3] and micro-
puncture studies of uremic rats [4] have suggested
that this defect relates to either an increase in PTH
secretion [3] or to a decrease in the reabsorption of
sodium [2, 4]. In addition, it can be noted that a
decrease in bicarbonate reabsorption has been dem-
onstrated in the normal dog when potassium excre-
tion has been experimentally increased [5]. Because
We note, however, that there do exist reports in the literature
(i.e., Roberts et al, Metabolism 5:404—418, 1956; and Fillastre
et al, Nephron 5:437—453, 1968) which contradict the generally
accepted thesis of decreased bicarbonate reabsorptive capacity
in uremic man.
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potassium excretion per nephron is increased in
uremia, the kaliuresis could also account for a de-
creased capacity to reabsorb bicarbonate.
Because of the imprecision in our understanding of
the important determinants of bicarbonate reabsorp-
tion in uremia and because information about this
process in the uremic dog is limited [6, 7], we have
examined bicarbonate reabsorption in normal dogs
and in dogs having an experimental form of renal
disease using a standardized bicarbonate titration
protocol similar to that described originally by Pitts
and Lotspeich [8]. We have found that, despite the
requirement of high fractional rates of excretion for
sodium, potassium and phosphate in the dog with
experimental renal disease, both the threshold for
bicarbonaturia and the apparent maximal reabsorp-
tive rate (Tm/GFR) are increased. The results differ
strikingly from the results obtained in the study of
uremic man or rat and suggest that other determi-
nants of bicarbonate reabsorption, perhaps determi-
nants not previously considered, are important in the
regulation of bicarbonate reabsorption in uremic
dogs.
Methods
Adult female mongrel dogs weighing 15 to 20 kg
were used in these experiments. They were fed a
known synthetic diet2 and a salt supplement through-
out the course of study. The diet provided 120
mmoles of sodium, 60 mmoles of potassium, 31 of
mmoles phosphate and 124 mmoles of chloride per 24
hr. It was fed in equally divided portions twice daily
by orogastric intubation. The animals received this
diet for at least six days before any studies were
initiated.
The bicarbonate titration studies were performed
on conscious, unanesthetized dogs which were stand-
ing quietly in supporting slings. The details of the
titration technique for normal dogs are presented in
Table 1. The technique used for dogs with experimen-
tal renal disease was identical. The studies were per-
formed 18 to 24 hr after the last feeding. No pre-
treatment with ammonium chloride was employed.
Arterial and venous catheters were inserted per-
cutaneously under local anesthesia for purposes of
blood sampling and i.v. infusion. A self-retaining
bladder catheter was inserted at the time of each
study and urine was collectd quantitatively under
light mineral oil with manual compression of the
bladder at the end of each clearance period. A 2.5%
dextrose/water solution containing creatinine was in-
2 Low phosphate diet with sodium and potassium omitted, Nutri-
tional Biochemical Division, ICN, Cleveland, Ohio.
Tabie 1. Bicarbonate titration study of a normal dogs
Period
10
miii
GFR PHC( UHc03V THCO3/GFR
rn/I rnEq/ tEq/ iEq/ rnEq/
miii liter mm miii liter
—8 300 ml oral water load, Placed in supporting sling with
appropriate catheters in place.
—8 to 8 ml prime of 10% creatinine i.v. & sustained infusion
—2 of 2.5% dextrose/200 mg/100 ml of creatinine in water
at 4 mI/mm.
—2 95.7 21.5 0.6 2159 22.5
—1 91.0 21.2 0.6 2034 22.3
Begin iv. infusion of 5% NaHCO3 at 1.1 mI/mm
0 92.8 23.4 0.5 2279 24.5
1 86.0 25.2 0.7 2274 26.4
Infusion of 5% NaHCO3 increased to 1.6 mI/mm
2 90.5 24.9 11.3 2355 26.0
3 89.8 24.6 12.4 2307 25.7
Infusion of 5% NaHCO3 increased to 2.2 mI/mm
4 90.5 28.9 21.3 2725 30.1
5 83.8 29.9 59.1 2571 30.7
Infusion of 5% NaHCO3 increased to 3.1 mI/mm
6 87.8 29.0 129.5 2544 28.9
7 89.8 30.8 161.8 2742 30.5
Infusion of 5% NaHCO3 increased to 4.4 mI/mm
8 90.7 36.5 427.8 3048 33.6
9 98.1 37.5 530.7 3332 34.0
Infusion of 5% NaHCO increased to 6.2 mI/mm
10 100.2 39.1 1049.4 3064 30.6
11 106.2 40.7 1144.5 3394 32.0
12 104.8 41.6 1113.9 3464 33.1
Infusion of 5% NaHCO3 increased to 84. mI/mm
13 106.0 46.3 1588 3565 33.6
14 102.9 49.3 1593 3734 36.3
Infusion of 5% NaHCO increased to 12.0 mI/mm
15 103.8 52.1 1916 3762 36.2
16 100.3 58.1 2291 3828 38.2
17 97.3 60.3 2570 3591 36.9
Dog, E—l; weight, 17.5 kg; daily solute load, 120 mmoles of
sodium/60 mmoles of potassium/31 mmoles of phosphate/124
mmoles of chloride.
fused throughout each experimental study at a rate of
4 mI/mm. After an equilibration period of 45 to 60
mm and two 10-mm control clearance periods, an
infusion of 5% NaHCO3 was begun at a rate of I
mI/mm. Serial ten-minute clearances were obtained
and arterial blood was sampled at the midpoint of
each clearance period. The rate of delivery of
NaHCO3 was increased progressively to a maximum
of 12 ml/min and continued until plasma bicarbonate
reached or exceeded 55 mEq/liter.
The first group of dogs studied had normal renal
function. In the second group of dogs, renal mass was
reduced surgically in a two-stage procedure. First, a
four-fifths infarction of the left kidney was created by
ligating first- and second-order branches of the renal
artery. One week later, the contralateral kidney was
removed. Two weeks later the bicarbonate titration
studies were performed using the same protocol as
utilized in the normal dogs.
Glomerular filtration was determined by measure-
ment of creatinine clearance. Serum and urine creati-
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nine were measured on an autoanalyzer using a modi-
fication of the technique described by Bonsnes and
Taussky [9]. Sodium and pstassium concentrations
of serum and urine were measured by flame photome-
try. Chloride concentrations were measured on a
chioridemeter (Corning). The pH and Pco2 of arte-
rial blood and of urine were determined immediately
by pH and Pco2 electrodes (Corning Blood Gas Ana-
lyzer, Model 160). Carbonic acid concentrations were
determined by multiplying the Pco2 value by 0.0301
for blood and 0.0309 for urine. The apparent pK' for
urine was corrected for ionic strength by the formula
pK' = 6.33 — \/Na + K as described by Hast-
ings and Sendroy [10]. Phosphate concentrations in
blood and urine were determined by an autoanalyzer
method. Gibbs-Donnan factors of 1.05 and 0.95were
used to calculate filtered loads for bicarbonate (or
chloride) and sodium, respectively. The threshold for
bicarbonaturia was defined in each individual study
as the rate of reabsorption (THCO3/GFR) during the
clearance period in which appreciable bicarbonaturia
was first detected. The maximal rate of reabsorption
(Tm/GFR) for each study was determined visually
and defined as the rate of reabsorption for two or
more periods during the study in which reabsorption
appeared stable despite progressively rising filtered
loads for bicarbonate. All calculations were per-
formed on a computer (Olivetti, Model 602). Statis-
tical analysis was performed using Student's (test for
unpaired data. A 2P value < 0.05 was accepted as
reflecting significant differences between groups.
Results
Five studies were performed on normal dogs. The
details of one of these studies are presented in Table 1
and the results for this group are summarized in
Table 2. The values for glomerular filtration rate
(GFR) of 76.9 mI/mm, for fractional sodium excre-
tion of 0.07%, for fractional reabsorption of phos-
phate of 97.70%, and for potassium excretion of 18.3
iEq/min/100 ml of GFR are mean values for the
group as obtained during the control periods. Arte-
rial pH and plasma bicarbonate concentration in the
control periods averaged 7.43 and 22.9 mEq/liter,
respectively. As plasma bicarbonate concentration
was increased, bicarbonate reabsorption remained es-
sentially complete for a brief period of time as dem-
onstrated in Table I. For this group, as shown in
Table 2, the threshold for bicarbonaturia was ob-
served at an average plasma bicarbonate concentra-
tion of 23.6 mEq/liter and a bicarbonate reabsorptive
rate of 24.8 mEq/liter of GFR. As the plasma bi-
carbonate concentration rose further, the rate of
reabsorption also rose, but at a progressively slower
rate until an apparent maximal rate of reabsorption
(Tm/GFR) was attained. Further elevations of
plasma bicarbonate concentration and filtered bi-
carbonate load did not result in a progressive increase
in the rate of reabsorption (Fig. 1). The maximal
reabsorptive rate of 34.0 1.4 mEq/liter of GFR
was attained at a plasma bicarbonate concentration
of 45.5 1.6 mEq/liter, well below the maximal
plasma bicarbonate concentration achieved (56.6
2.1 mEq/liter). Figure 1 depicts the relationship be-
tween bicarbonate reabsorption and plasma bicarbo-
nate concentration for the normal dogs.
Ten dogs with experimental renal disease were
studied. The details of one of these studies are pre-
sented in Table 3 and the group data are summarized
in Table 4. In the fasting state, GFR averaged 15.2
mI/mm, a decrease of 80% from normal values. Frac-
tional sodium excretion was increased to 1.18%; frac-
tional phosphate reabsorption was decreased to
63.88%; and potassium excretion was increased to
105.8 tEq/min/l00 ml of GFR. Control period arte-
rial pH and plasma bicarbonate values were not dif-
ferent from the values obtained in normal dogs. With
bicarbonate infusion, plasma bicarbonate concentra-
tion in the dogs with experimental renal disease rose
to a significantly higher level (28.8 mEq/liter, 2P <
0.05) before the threshold for bicarbonaturia was
reached. The rate of bicarbonate reabsorption at
threshold was 30.5 + 1.3 mEq/liter of GFR, also
Table 2. Bicarbonate reabsorption in normal dogs (N = 5)
GFR, mi/mm
Arterial pH Initial
© Tm
Arterial Pco2, mm Hg Initial
@ Tm
Final
Arterial bicarbonate concentra- Initial
tion, mEq/iiter @ Tm
Final
Plasma sodium concentration, Initial
mEq/liter @Tm
FENa, % Initial
@ Tm
FE1, % Initial
@ Tm
UkV/IOOGFR,uEq/100 ml of Initial
GFR
Fractional phosphate Initial
reabsorption, %
Bicarbonaturic threshold, mEq/iiier of GFR
Puco3 threshold, mEq/liter
Tm, Eq/mmn
Tm/GFR,mEq/iiterofGFR
76.9 6.4
7.43 0.002
7.63 0.01
33.2 2.4
44.8 2.3
49.9 1.3
22.9 0.8
45.5 + 1.6
56.6 2.1
137.0 1.7
145.9± 1.7
0.07 0.01
15.12 1.55
0.02 + 0.01
7.15 0.42
18.3 6.6
97.70± 1.60
24.8 0.8
23.6 0,8
3128 324
34.0± 1.4
Initial values expressed were obtained during control periods
prior to NaHCO3 infusion; @ Tm values represent determinations
of the clearance period in which the apparent TmHCO3/GFR
was attained. Final values represent determinations of the last
clearance period of each study.
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significantly higher than in the normal dogs (2P <
0.02). The maximum reabsorptive rate (Tm/GFR) in
these animals was significantly greater than in the
normal animals (41.2 1.1 vs. 34.0 1.4 mEq/liter
of GFR). The rate of rise of plasma bicarbonate
concentration during the titration was greater in the
group with experimental renal disease and the max-
imum plasma bicarbonate concentration attained
was higher than that attained in the normal dogs.
Figure 2 details the relationship between plasma bi-
carbonate concentration and bicarbonate reabsorp-
Period
10
mm
GFR
ml/
mm
PHCO3
mEq/
liter
UHCO3V
tEq/
mm
THCO
iEq7
mm
THCO3/GFR
mEq/
liter
—2 9.3 24.4 0.3 238 25.3
—1 9.7 24.6 0.3 248 25.6
0 10.3 25.3 0.3 272 26.3
I 10.6 28.3 0.5 314 29.3
2 10.4 30.5 6.4 327 31.4
3 11.0 30.8 10.6 345 31.4
4 10.7 31.5 11.8 342 32.0
5 13.0 32.7 14.9 431 33.2
6 10.7 33.2 19.1 354 33.1
7 15.7 34.1 40.4 520 33.1
8 11.6 38.0 55.1 408 35.2
9 12.9 42.5 87.6 487 37.8
10 12.9 46.4 104 522 40.6
11 12.3 51.2 158 505 40.9
12 13.3 56.7 212 577 43.5
13 12.8 60.4 269 544 42.4
14 12.6 64.7 322 536 42.5
15 11.6 70.8 333 532 45.7
Plasma sodium concentra-
tion, mEq/liter
FEc,, %
See Table 2 for explanation of terms, 2P value, Student's t test
for unpaired data; comparison of normal dogs and dogs with
experimental renal disease.
tion for the renal disease group. The curve obtained
in normal dogs is included for comparison. At all
levels of plasma bicarbonate concentration above the
respective thresholds, the dogs with experimental
renal disease demonstrate a greater rate of bicarbo-
nate reabsorption than the normal dogs.
Both fractional sodium excretion and fractional
chloride excretion were lower at Tm in the renal
disease group than in the normal group. The ex-
planation for this observation is not readily apparent.
The possibility exists that at the Tm the dogs with
experimental renal disease were in a state of lesser
volume expansion than were the normal dogs. Sev-
eral pieces of evidence suggest that this is not the
case. Both groups of dogs were studied over a wide
range of fractional sodium excretion rates and both
groups attained comparable maximum FENa (22.79%
for normal dogs vs. 22.82% for uremic dogs). When
the two groups were compared either at comparable
fractional sodium excretion rates (Fig. 3) or at com-
parable fractional chloride excretion rates (Fig. 4), or
even at comparable states of positive sodium balance
(Fig. 5), bicarbonate reabsorption was consistently
greater in the uremic group. Moreover, fractional
sodium and chloride excretion rates in the fasting
state tended to be higher in the uremic dogs and there
was no evidence of preexisting dehydration in the
70
60
C0
'p040
cCzZ 3000-
.ELu
20
10
Table 4. Bicarbonate reabsorption in dogs with experimental
renal disease (N = 10)8
•• •.
2P
GFR, mi/mm
Arterial pH
Arterial Pco,, mm Hg
Arterial bicarbonate
concentration, mEq/
liter
FENS,%
Reabsorbed
Excreted
I I I
60 70 80 9010 20 30
,//
40 50
HCO3, mEq//iter
Initial
@ Tm
Initial
© Tm
Final
Initial
©Tm
Final
Initial
© Tm
Initial
©Tm
Initial
© Tm
Initial
Initial
Fig 1. Relationship of bicarbonate reabsorption in normal dogs to
plasma bicarbonate Concentration. Each point represents an average
often values in sequence as plasma bicarbonate was elevated. GFR
= 76.9 + 6.4 mI/mm.
15.2 2.2
7.43 + 0.01
7.66 0.02
35.8 + 1.0
42.5 1.8
51.0 2.9
23.2 0.9
47.2 3.2
65.5 1.1
1.18 0.42
9.07 + 1.84
135.6 2.0
145.4 1.8
1.23 0.64
4.08 0.75
105.9 27.2
63.88 + 5.31
30.5 1.3
28.8 + 1.4
<0.001
NS
NS
NS
NS
NS
NS
NS
<0.001
0.10
0.05
NS
NS
<0.10
<0.05
<0.05
<0.01
<0.02
<0.05
UkV/l00 GFR, sEq/
100ml of GFR
Fractional phosphate re-
absorption, %
Bicarbonaturic threshold,
mEq/liter of GFR
PHCOS © threshold,
mEq/liter
Tm, tEq/min
Tm/GFR, mEq/literof
GFR
625 89 <0.001
41.2 1.1 <0.005
Table 3. Bicarbonate titration study of a dog with experimental
renal disease8
Dog, B-18; weight, 16.2 kg; diet, 120 mmoles of NaCI/60 mmoles
of KCI/31 mmoles of phosphate/124 mmoles of chloride. The
dog was undergoing bicarbonate titration utilizing protocol as
detailed in Table 1.
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Fig. 4. Relationship of bicarbonate reabsorption during sodium bi-
carbonate infusion to fractional chloride excretion. Hatched bars
represent data from normal dogs; open bars represent data from
dogs with experimental renal disease.
Recently two abstracts of studies on this model have been re-
ported [6,7]. The results in both studies are similar, though
different techniques were used.
50 100 150 200 250
Sodium balance
Fig. 5. Relationship of bicarbonate reabsorption during sodium bi-
carbonate infusion to the cumulative positive sodium balance (mEq).
Hatched bars represent data obtained from normal dogs; open bars
represent data obtained from dogs with experimental renal disease.
.
(D
.4-.0
E
0 u..I
I—
40 50 60 70 80 90 1 2 3 4
FEeL, %
70
- 60C0
° 40
20
10
HCO3, mEq/liter
Fig. 2. Relationship of bicarbonate reabsorption to plasma bicarbo-
nate concentration in dogs with experimental renal disease. Points
are plotted as detailed in Fig. 1. The dashed line represents the plot
obtained in Fig. I and is included for comparison. GFR = 15.0 +
2.0 mI/mm.
latter group. The increase in maximal bicarbonate
reabsorption observed in the renal disease group thus
does not appear to be explicable on the basis of a
lesser degree of extracellular fluid volume expansion.
We cannot eliminate the existence of some in-
apparent bias in selection of the Tm value reported as
an explanation since the selection does involve some
qualitative judgment. Examination of the plot of
THCO3/GFR vs. PHCO, (Fig. 1 and 2) for both groups,
however, also suggests a difference between groups
over the course of the titration experiments. Similar
differences exist between the groups when examined
at comparable fractional sodium excretion rates (Fig.
3), comparable fractional chloride excretion rates
U-
0
5,
a.
w
E
(Fig. 4) or at comparable levels of positive sodium
balance (Fig. 5).
Discussion
Present concepts of bicarbonate reabsorption in
uremia are based primarily upon studies in the labo-
ratory rat [3J or upon studies performed in uremic
patients [2,4]. Despite the frequent use of the normal
dog as an experimental model [11—151 and the fact
that the original bicarbonate titration protocol was
described in dogs [8], no comparable studies have
been heretofore reported in detail for the uremic
dog.3 One study has been performed in dogs with
unilateral renal disease [16], but these animals could
not be considered comparable to uremic states.
In the normal dog studied with classic titration
techniques, the bicarbonate reabsorptive capacity is
10 20
Fractional sodium excretion, %
t 50 -
0
40 -
,:TIiI i i1Il
Fig. 3. Relationship oJ bicarbonate reabsorption to fractional sodium
excretion in normal dogs (A) and in •) dogs with experimental
renal disease undergoing progressive elevation of plasma bicarbo-
nate. Points are plotted as detailed in Fig. I.
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limited and a Tm or relative Tm is attained [8]. In the
present study a Tm/GFR for normal dogs has been
obtained which is higher than the values at 27 to 28
mEq/liter of GFR previously reported. Most pre-
vious studies have been performed in anesthetized,
artificially ventilated and/or ammonium chloride-
loaded dogs. The higher values obtained in this study
are most probably related to these differences in
methodology.
The factors which determine the limits for bicarbo-
nate reabsorption are not clearly defined, but several
important factors are known. Extracellular fluid vol-
ume expansion or contraction appears to produce a
major effect upon the ability to reabsorb bicarbonate
[2, 5, 12—15, 17]. Limitation of the degree of extra-
cellular fluid volume expansion during a titration by
use of a "minimal expansion" protocol [17], by vena
caval obstruction or by hemorrhage [12] allows for
nearly complete reabsorption of bicarbonate, even to
extremes of filtered loads. In contrast, marked expan-
sion of the extracellular fluid volume, either by in-
fusion of saline [12] or a synthetic isometric fluid [14]
causes a decrease in bicarbonate reabsorption, which
appears to correlate with the increase in fractional
sodium excretion [15]. In the present study both
groups of dogs underwent a controlled rate of volume
expansion during the bicarbonate titration studies.
Both groups, by the end of the study, had undergone
comparable degrees of volume expansion and had
increased fractional excretion of sodium to com-
parable degrees. Examination of the data obtained in
normal dogs as in Fig. 4 or Fig. 5, however, might be
interpreted to suggest no effect of volume expansion
upon THCO3/GFR. Such, we feel, is not the case. In
the present studies the filtered load of bicarbonate
has been progressively elevated as positive sodium
balance has occurred. THCOS/GFR has not sub-
stantially increased despite the progressive rise in the
filtered load. In prior titration experiments when ex-
tracellular fluid volume expansion was minimized,
THCO5/GFR rose progressively as filtered load was
increased [2, 171. It is thus apparent that volume
expansion has had a considerable effect upon
THCO3/GFR in the present experiments.
Plasma sodium concentration rose in both groups
during the bicarbonate titration experiments but
plasma sodium values differed neither during the con-
trol periods or at Tm/GFR when comparing the
groups (Table 2 and Table 4). It is unlikely, therefore,
that the differences in bicarbonate reabsorption seen
could be explained on the basis of differences in fil-
tered sodium loads or upon differences in the concen-
tration of sodium in the tubular fluid.
Parathyroid hormone also appears to affect bi-
carbonate reabsorption [4, 15, 18—23] but its mecha-
nism of action is yet to be clarified. Several lines of
evidence suggest that PTH can exert a major effect.
Patients with both primary and secondary forms
of hyperparathyroidism have a diminished ability
to reabsorb bicarbonate [18, 22] while parathy-
roidectomized patients appear to have an increased
capacity to reabsorb bicarbonate [24]. A growing
body of evidence now exists to suggest that PTH
can play a role in the regulation of bicarbonate re-
absorption [23, 31, 32].
A third major factor affecting bicarbonate reab-
sorption is potassium. Hypokalemia when associated
with hypokaluria, even when not associated with
changes in extracellular fluid volume, is associated
with a sustained metabolic alkalosis and increased
bicarbonate reabsorption [25]. Conversely, acute hy-
perkalemia and hyperkaluria is associated with a de-
creased capability to reabsorb bicarbonate [26, 27].
In uremia, when dietary intake of sodium, potas-
sium and phosphate is normal, increases in the frac-
tional excretions of sodium, potassium and phos-
phate are required so that external balance for these
solutes can be maintained [28, 29]. On the basis of
presently existing information, it would be predicted
that bicarbonate reabsorption would be diminished
in uremia because of increases in natriuretic, kaliu-
retic and phosphaturic forces. Studies in rats [3], and
in patients [1, 30] are supportive of this prediction.
In the present experiments dogs have been studied
at two levels of renal function while being maintained
on a constant intake of sodium, potassium and phos-
phate. In the second group of dogs, an 80% reduction
in GFR was induced. In that group, maintenance of
external solute balance has required a five-fold in-
crease in the rate of excretion of each solute by the
surviving nephrons. Such adaptive changes are re-
flected in the fasting fractional excretion data as
shown in Tables 2 and 4,4 As shown in Table 5, the
mean 24-hr fractional excretions required are higher
in both grotps than the values obtained in the fasting
state, but most important, there is a five-fold differ-
ence in fraction excretion required between groups.
In both groups of experimental animals, body
weights remained constant over the course of these
studies. Plasma concentrations of sodium, potassium
and phosphate were also constant (prior to the titra-
tion studies) and we presume that external balance of
these solutes was maintained in both groups. In the
second group a marked increase in fractional excre-
It should be noted, however, that the animals in this study were
studied approximately 18 hr after their last meal (and solute
load). The fasting data, while reflecting these adaptive changes,
should not be projected to reflect 24-hr excretory rates.
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Table 5. Fractional solute excretion rates required to maintain
external balances
Normal dogs FEN % = 0.81
GFR = 76.9 mI/mm FEPhO8
UKV/GFR
FE1
%
sEq/I00ml
% =
6.66
54.18
0.97
Uremic dogs FENa % = 4.12
GFR = 15.2 mI/mm FEPhO.
UKV/GFR
FE1
% = 33.72
sEq/100ml= 274.12
% 4.90
Calculated on 24-hr basis with intakes of 120 mmoles of sodium,
60 mmoles of potassium, 31 mmoles of phosphate and 124
mmoles of chloride/24 hr.
tion of all solutes ingested in the diet has been re-
quired. Under these circumstances, all predictions to
the contrary, we have observed an increased ability of
this group to reabsorb bicarbonate. None of the fac-
tors presently known to affect bicarbonate reabsorp-
tion are altered in a fashion sufficient to explain these
results. To the contrary, it is likely that in each in-
stance they would act in an opposing direction. Our
results raise the possibility that other factors oT im-
portance in the regulation of bicarbonate reabsorp-
tion exist and, under the present experimental cir-
cumstances, become predominant.
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